Recent studies have shown a decreased risk of colon cancer with consumption of fish. However, most studies on fish consumption do not distinguish between lean and fatty fish, or between poached and fried fish. The aim of this study was to investigate any association between fish consumption and colon cancer in The Norwegian Women and Cancer (NOWAC) study. We focused mainly on lean fish, which was further divided into poached and fried fish. A total of 63 914 women were included in the analysis, 254 of whom were found to have colon cancer during followup. Since fish consumption was one of the main topics of interest in the NOWAC study, there is a predominance of women from northern Norway due to higher fish intake in this area; hence the study is not representative of the whole of Norway. The participants completed a semi-quantitative FFQ between 1996 and 1999, and were followed-up for incidence of colon cancer until 2004. No association between fish consumption and risk of colon cancer was seen, except for the third tertile of poached lean fish consumption (relative risk (RR) 1·46, 95 % CI 1·04, 2·06). This association disappeared when excluding women with less than 1 year of follow-up. In conclusion, the present study does not support the hypothesis of a protective effect of fish against colon cancer risk. 
Colon cancer is the second most common cancer among women in Norway, with 1217 new cases in 2004 (age-adjusted incidence rates per 100 000 women was 23·9), and colorectal cancer is the most common cancer in men and women combined (3482 new cases in 2004) 1 . Norway has the highest incidence of colorectal cancer of the Nordic countries 2 . It is estimated that a third to half of colon cancers may possibly be avoided if different diet-related factors were controlled for 3 . Norway has a long coastline, and thus a long tradition in harvesting fish, and using fish in the diet. Lean, white fish such as cod, haddock and saithe, and fish products made from these, are most commonly eaten 4 . Fish products, such as fish balls, puddings and cakes, are mainly made of minced lean fish, starch, milk and spices. Fish served for dinner is prepared from fresh/frozen, smoked, salted and/or dried fish, and is often served with melted fat or fatty sauces 4 . Recently, results from the European Prospective Investigation into Cancer and Nutrition (EPIC) showed a decrease in colon cancer risk with higher intake of fish 5 . However, like most studies on fish consumption and cancer risk, only total fish consumption was analysed. No distinction was made between lean and fatty fish. It is also quite common in analyses of fish consumption to combine intake of fish and poultry (white meat), or fish and meat 6 . Fatty fish has been analysed in terms of n-3 fatty acids, but lean fish has not been investigated as much 6 .
Heterocyclic amines and polycyclic aromatic hydrocarbons formed during preparation of the fish at high temperatures cause cancer in rodents 7 , and may also be harmful for humans. It is therefore of interest to investigate the association between fried fish and colon cancer.
The aim of this study was to investigate any association between fish consumption and colon cancer in The Norwegian Women and Cancer (NOWAC) study. Rectal cancers were not included due to their low incidence. The main focus was on lean fish, which constitutes the majority of the fish consumed in Norway. Lean fish was further divided into poached and fried fish.
Subjects and methods
The NOWAC study is a large population-based cohort study designed to examine cancer-related factors. About 165 000 Norwegian women have been included in the cohort from 1991 to 2006. The women all returned a questionnaire about different lifestyle habits. The questionnaires were sent in series; the first questionnaires from 1991 to 1997, and the second questionnaires from 1998 to 1999. A new series of first, second and third questionnaires have been sent after 1999 but they are not included in the analyses due to the short follow-up time. The questions in the different series have varied depending on which age group they were aimed at and the hypotheses tested, but some core questions have been common in all series. Only series containing dietary questions are included in the present analyses.
The NOWAC study was approved by the Regional Committee for Medical Research Ethics and the Norwegian Data Inspectorate.
The study design, material, internal validity and external validity have been described in detail elsewhere 8 -11 .
Study population
This study includes eleven series of six-to eight-page questionnaires about different lifestyle habits, including a semiquantitative FFQ, that were mailed to randomly selected women all over the country during the period 1996-1999. Since fish consumption and health was one of the main topics for the NOWAC study, two questionnaire series (eight pages) were distributed randomly to women in northern Norway only (1996-1997) (n 13 670), due to higher fish consumption in this area. The study sample is therefore skewed towards northern Norway, and not representative for women of the particular age group in the whole of Norway as such. The total response rate was approximately 52 %. The analysis in the present report is based on a sample of 68 517 women, aged 40 -71. Excluded from the analyses were women with prevalent cancer at any site at the time of enrolment (n 2908 women). Data for individuals in the lower and upper 1 % of the ratio of energy intake to estimated energy requirement (calculated from age, sex and body weight) (corresponding to ,2200 kJ and . 15 200 kJ) were excluded from the analyses to reduce the effect of implausible extreme values (n 1414 women) 12 . We also excluded women reporting more than 60 hot meals per month (n 281 women) 8 . After the exclusions, 63 914 women were included in the analysis.
Diet and FFQ
For the FFQ, food items asked for, frequency and amounts consumed have been reported previously 10 . Briefly, the participants were asked to record how often, on average, they had consumed each food item during the previous year. Four to six fixed frequency choices were given for each item. For fish, the women also had to indicate in what season they normally ate different types of fish, due to seasonal variation. There were in total 11 -14 questions about fish consumption, including questions about fats and sauces added to fish dishes. Added fats and sauces were defined as melted butter or margarine, full-fat and low-fat sour cream, and white or brown sauces with or without fat. Five different frequencies were specified, ranging from never to twice a week. Questions about fish in sandwiches had six frequencies, ranging from never to ten times per week. Fish for dinner had six frequencies, ranging from never to three times per week, according to season. Fish products had five frequencies, ranging from never to twice a week. Roe and fish liver had five frequencies, ranging from never to ten times a year, and crustaceans had four frequencies in the range never to once a week. In addition, there were questions about use of cod liver oil (liquid and capsules), with six frequencies from never to daily use. The portion size per consumption was asked for in natural or household units. A Norwegian weight and measurement table 13 was used to calculate the weights in grams for each food item. Daily intake of energy and nutrients was computed based on the Norwegian Food Composition table 14 . The questionnaires with fourteen fish questions included, in addition to the above-mentioned questions, questions about consumption of fresh or frozen fish and the women's perception about fish (why they are not eating more fish). These questions were not included in the present analyses, but have been dealt with previously 15 . We examined total fish consumption (whole fish, fish products, crustaceans, roe and fish liver), whole lean fish consumption, whole fatty fish consumption and consumption of fish products. Lean fish was classified as fish with less than 4 % fat (e.g. cod, haddock and saithe), and fatty fish as fish with 4 % fat and above (e.g. salmon, trout, herring and mackerel). Fish products included fish fingers (coated in bread crumbs), preserved fish (e.g. canned mackerel, smoked salmon, canned tuna), fish casseroles and minced fish products (e.g. fish balls, fish cakes). Fish products are mainly made from lean fish and contain only about 30-50 % fish on average, except for preserved fish, which mainly comprise fatty fish. However, preserved fish is mainly used in sandwiches, and the consumption was rather limited. For lean fish, we also distinguished between poached and fried fish. We could not do this for fatty fish since this information was not available. We did not examine further consumption of crustaceans or roe separately, since the consumption of these products was limited. Consumption of fish liver in relation to cancer risk has been examined separately in another paper 16 . 
End-points

Statistical methods
The statistical software program R (version 2.1.1.) was used for the statistical analysis. The hazard ratios and their corresponding 95 % CI were estimated using Cox proportional hazards regression, and interpreted as relative risks (RR). The counting process formulation of Andersen and Gill 17 was used, meaning the follow-up time of each subject was an interval spanned by age at enrolment as entry time and age at diagnosis or censoring (death, emigration or diagnosis of other cancers) as exit time. In this way, adjustment for age was incorporated into the baseline hazard. Known risk factors for colon cancer were included in the model and adjusted for in the analysis (see tables for details). Fatty fish and lean fish were mutually adjusted for, as were poached and fried lean fish. In addition, we adjusted for fats and sauces eaten together with the fish. Fish intake was divided in tertiles, with the lowest tertile as the reference group.
Fully adjusted models for total fish and for fish products were adjusted for age, daily intake of energy (kJ/d), ever smoking, fish liver (g/d), fruit and vegetables (g/d), fibre (g/d) and added fats and sauces (g/d). Fully adjusted models for lean and fatty fish, and for fried and poached fish, were adjusted for the same variables as total fish and fish products, but in addition we adjusted for fatty fish (g/d) and lean fish (g/d), respectively, and for poached fish (g/d) and fried fish (g/d), respectively. Age, energy, fibre, and fruit and vegetables were treated as continuous variables. Lean and fatty fish, poached and fried fish, and added fats and sauces were divided into tertiles and treated as categorical variables. Fish liver was dichotomised into users and non-users, and smokers into never smokers and ever smokers.
Red meat and meat products (g/d), alcohol (g/d), cod liver oil (g/d), folate (mg/d), calcium (mg/d), BMI (explained as body weight in kilograms divided by the square of height in metres, kg/m 2 , and assembled into three categories; ,25, 25 -30, . 30), physical activity (recorded in the questionnaire on a scale ranging from 1 to 10 and assembled into three categories; 'low' (1 -3), 'moderate' (4 -7) and 'high' (8 -10)) and ever use of hormone replacement therapy and oral contraceptives were adjusted for in the preliminary analyses, but were not included in the final model as they did not make any significant contribution to the risk estimates.
The assumption of proportional hazards for the Cox regression model was tested for each covariate 18 . We did this by use of the cox.zph function in R, which uses scaled Schoenfeld residuals and a transformation of time based on the Kaplan -Meier estimate of the survival function. Except for the medium level of lean fish, the test of proportionality did not indicate any time violations of the proportional hazards assumption. A plot of the estimated coefficients as a function of time (age) indicates a slight decrease in risk over time for those with a medium consumption of lean fish. All other slopes did not differ significantly from zero. Plotting the Martingale residuals against covariates did not indicate non-linearity issues for any of the covariates.
Results
Characteristics of the study population
A description of the study population is given in Table 1 . The mean age of the women at enrolment was 51·3 years (SD 6·8) with the lowest age 40·8 and highest 70·4 years. BMI, calculated from self-reported weight and height, was 24·6 kg/m 2 (SD 3·9). Sixty-two percent of the women had BMI lower than 25. The women had 11·7 years of education on average (including primary school). A higher percentage of women with a low level of education (57·8 v. 43·4), and a slightly higher percentage of ever smokers (64·3 v. 61·8) were seen among cases. Cases also had a higher percentage of overweight and obese women (41·4) compared with the total cohort (38·0). Table 2 gives an overview of mean intake of different foods and nutrients within each tertile of the total amount of fish consumed for the total cohort and for the cases. The highest number of cases is found in the third tertile. A lower intake of meat and meat products, and a higher intake of lean fish and of added fats and sauces are seen among cases in all tertiles, and lower intake of fruit and vegetables in the third tertile. When dividing lean fish into poached and fried fish, cases have a higher consumption of poached fish than the total cohort. The cases also consumed higher amounts of cod liver oil and vitamin D. 
Colon cancer
Intakes of total fish, of fish products, and of lean and fatty fish, respectively, in relation to colon cancer risk are listed in Table 3 . We found no association between any of the fish items in this table and risk of colon cancer. However, there was a significantly higher risk of colon cancer for those in the highest tertile of poached fish consumption (RR 1·46, 95 % CI 1·04, 2·06) ( Table 4 ). The association did not disappear after adjusting for added fats and sauces, but it became slightly reduced. The P-value for trend was 0·02. When examining fried fish, we found no such association. High consumption of added fats and sauces was significantly associated with risk of colon cancer. Risk estimate for added fats and sauces in the highest tertile (. 10 g/d), compared with the lowest tertile (.4·2 g/d), was 1·44, 95 % CI 1·03, 2·02 (adjusted for age, daily intake of energy, ever smoking, total fish, fish liver, fruit and vegetables, and fibre). Mean consumption of fats and sauces in the highest tertile was 9·3 g/ d (SD 9·8).
Women diagnosed with cancer shortly after enrolment may have changed their diet due to early symptoms of disease. Therefore, to avoid biased data, we excluded all women with less than 1 year of follow-up, and repeated the analyses. This left 63 482 women for analysis, which included 225 cases of colon cancer. This changed the estimates to some degree; all estimates were slightly diminished, and there was no longer a statistically significant association between consumption of poached fish and colon cancer (RR 1·31, 95 % CI 0·91, 1·88). When excluding women with less than 2 or 3 years of follow-up, the estimates did not change notably (data not shown). However, the 95 % CI became wider due to fewer cases.
Discussion
Our results do not support previous findings of a preventive effect on colon cancer with high consumption of fish 5, 19 . On the contrary, our results show a somewhat higher, although not statistically significant, risk of developing colon cancer with higher intake of fish. This is in accordance with the results from two case -control studies; one multicentre study from the USA that found an increased, borderline significant, risk of colon cancer in men 20 , and another study from Shanghai that found a statistically significant increase of colon cancer in men, and a non-significant increase in women with high fish consumption 21 . However, most studies have found no association between fish consumption and colon cancer 6,22 -25 . Surprisingly, we found an increased risk of colon cancer with high consumption of poached fish, but not of fried fish. This was the opposite to what we expected to find. However, the risk estimate was no longer statistically significant after excluding women with less than 1 year follow-up (432 women including 29 women diagnosed with colon cancer). The different estimates may indicate that preclinical symptoms of colon cancer or other serious illness have influenced dietary habits before diagnosis, or that the number of cases is too small to discover any effect. In any case, one should be careful in drawing conclusions. A Norwegian study on the association between fish and breast cancer risk found an inverse association with consumption of poached fish 26 . It has been postulated that fried fish may be carcinogenic due to the heterocyclic amines formed in the frying process. However, in the present study, the RR for fried fish was close to unity, and more in favour of a reduced risk, which may indicate that heterocyclic amines formed in fried fish do not increase the risk of colon cancer. These findings are supported by a Swedish case -control study on dietary heterocyclic amines and colon cancer 27 . There may be several reasons why we found an increased risk with poached fish. While fried fish normally is prepared from fresh (fresh frozen) fish, poached fish can be made from fresh, smoked, salted and dried fish. A Finnish cohort study, with a follow-up period up to 24 years, revealed a significantly higher risk of colorectal cancer with intake of smoked and salted fish 28 . Similarly, a Chinese case -control study found an increased risk of colon cancer with consumption of salted fish in both men and women 21 , and a Japanese study found an increased risk of rectal cancer with salted fish for women only, but no association with colon cancer 29 .
The mechanism is thought to be via nitrosamines formed during preservation of the food, which have caused mutagenity and carcinogenity in laboratory animals 21 . Unfortunately, we do not have access to information on whether the fish was fresh, smoked or salted before poaching.
One cannot disregard a possible influence from contaminants in fish. Known contaminants in fish are methyl mercury 30 , dioxins and polychlorinated biphenyls 31 . The amount and type of contaminants differ according to where the fish is caught, the fish species and methods of preparation. Dioxins and polychlorinated biphenyls accumulate in the fat, and are therefore more likely to be found in fatty fish, but may also, to some extent, be present in lean fish. Methyl mercury is found in small amounts in many fish species. It accumulates in the food chain, and is therefore found in the highest amount in carnivorous fishes. The amount increases with age and size. However, methyl mercury is not known to cause cancer in humans or animals 4 . Our results show that the risk decreases when adjusting for added fats and sauces. This indicates that consumption of fish itself may not be the reason for a higher risk, but rather the combination of the fish meal. What you serve, and eat, together in a meal may be of more importance than the consumption of one particular food. Different nutrients in different foods, eaten together, may have antagonistic or synergistic effects on each other, and thus influence the cancer risk in different ways. Studies on fish consumption and health have reported a healthier lifestyle among fish consumers than others 32, 33 . Probably due to the long tradition of fish in the Norwegian diet, this is not seen among high fish consumers in Norway 8 . The total diet and lifestyle may be the cause of the higher risk of colon cancer among high consumers than among low consumers, rather than the fish itself.
Consideration must be given to the potential limitations in the present study. First, the follow-up time was relatively short. Secondly, we know from the EPIC calibration study that fish consumption is over-reported in our questionnaires 34 . However, there is no reason to believe that the distribution of the fish consumption is wrong, even if the exact amount of fish consumed may be lower than reported. Women in the highest tertile probably do eat more fish than women in the lower tertiles. The consumption of fish has been relatively stable since 1995 35 . However, data on fish consumption are uncertain, and difficult to measure due to traditionally high amounts of selfharvested fish. Consumer studies are showing an increased consumption of fish, whereas diet surveys show a slight decrease 35 . It is difficult to compare our study with other studies on fish consumption and risk of colon cancer as Norway has a higher consumption of fish compared with many other countries, and the proportion of lean, white fish is high 4, 34 . However, it may be plausible to make a comparison with Japanese studies since consumption of fish is also high in Japan 24 . On the other hand, the fish consumed most in Japan are fatty fish such as salmon, trout, eel and mackerel 29 , which again makes comparison difficult.
The advantages of the study are that it is a large cohort covering the whole country, and the unique person-number system in Norway makes it possible to make a valid linkage between exposure data collected in the study and data on cancer incidence through the Norwegian Cancer Registry. Also, the detailed questionnaire with information on diet and other lifestyle variables, and the special focus on fish, made it possible to study different fish items, and to adjust for known risk factors for colon cancer. Both the external validity 9 and the internal validity 11 of the NOWAC study have been examined previously and found acceptable.
In summary, the present study does not support the hypothesis of a protective effect of fish on colon cancer risk. An increased risk was seen for high consumption of poached lean fish. The mechanisms for this are unknown.
Further investigations of whole diets, such as analysing dietary patterns, are required to understand better the complexity of food and risk of colon cancer.
